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Abstract
An active gold mining area in Okpella, Edo State, Nigeria was studied to assess the contribution of gold mining to the 
concentrations of potentially toxic elements (PTEs) in stream sediments. Standard geochemical sampling and sample 
method. The concentrations of arsenic (As), cobalt (Co), chromium (Cr), copper (Cu), mercury (Hg), nickel (Ni), lead 
Igeo) were calculated 
-
-
ate enrichment of Cu, minor enrichment of As and Pb, and no enrichment of Co, Cr, Ni and Zn in the sediments. The Igeo 
also showed that the sediments were extremely polluted with Hg, moderately polluted with Cu but there was no evidence 
of pollution from other PTEs. Extreme pollution of the sediments by Hg and its enrichments in Cu, As and Pb are due to 
indiscriminate active artisanal gold mining in the area. It is recommended that immediate remediation measures should 
be enforced to mitigate the possible environmental health hazards to humans and livestock in the area.
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enrichment factor, geoaccumulation index, mining activities, pollution, potentially toxic elements.
1. Introduction
The pollution of soils, sediments, plants and water by 
potentially toxic elements (PTEs) such as arsenic (As), 
cobalt (Co), chromium (Cr), copper (Cu), mercury (Hg), 
nickel (Ni), lead (Pb), zinc (Zn) and others is a critical 
environmental problem in the world, particularly in de-
veloping nations where indiscriminate and illegal min-
ing and other industrial activities take place. These pol-
lutants often have negative health effects such as dam-
age of the kidney, lungs, brain and other internal organs, 
blindness, and even death to humans and livestock as 
they are exposed to PTEs through different pathways in-
cluding direct ingestion of contaminated soils, plants 
and water as well as inhalation of dust (Carla et al., 
2014; Waziri, 2014; Tomašek et al., 2016; Odukoya et 
al., 2018).
In recent times, the aquatic ecosystem is increasingly 
being polluted by PTEs via activities such as artisanal 
mining, industrial wastewater discharges, fossil fuel 
combustion, sewage wastewater and atmospheric depo-
sition of toxic metals (Hakanson, 1980; Tijani et al., 
2005; Tijani and Onodera, 2009). PTEs have a great 
accumulate in both sediments and biota and non-biode-
gradable nature (Ahmadipour et al., 2014). Most of the 
PTEs, and particularly As, Pb and Cd are highly toxic to 
plants, livestock and humans; other metals such as Cu, 
Zn and Ni are important in biological systems, however, 
an excess of these metals in biological systems is dan-
gerous (Nowrouzi and Pourkhabbaz, 2014). Hence, to 
avoid the poisoning of humans and livestock by PTEs, 
there is a need to frequently assess and monitor sediment 
and water quality in the aquatic ecosystem (Sekabira et 
al., 2010).
Determination of the concentrations of PTEs in 
stream sediments and the application of pollution indi-
ces such as the enrichment factor (EF), geoaccumulation 
index (Igeo), pollution load index (PLI), anthropogenic 
factor (AF), metal contamination index (MCI), contami-
nation factor (CF), etc to the analytical data are a viable 
means of revealing/assessing the level of pollution and 
the possible ecological and health risks of an area 
(Sutherland, 2000; Meybeck et al., 2004; Qingjie et 
al., 2008). This approach has been successfully used by 
Tijani et al. (2005), Tijani and Onodera (2009), Seka-
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bira et al. (2010), Nowrouzi and Pourkhabbaz (2014), 
Waziri (2014), Amadi et al. (2017), Odukoya et al. 
(2018) and others to assess the levels of PTEs pollution 
in different parts of the world. However, in Okpella 
where indiscriminate artisanal gold mining takes place, 
PTEs pollution assessment has not been done to date. 
This research, therefore, is aimed to assess the level of 
PTEs pollution of stream sediments collected from the 
active gold mining area in Okpella using the enrichment 
factor (EF) and the geoaccumulation index (Igeo) of the 
metals.
2. Methods
The study area, sampling site, sampling and analyti-
cal techniques, and data analyses are discussed below.
2.1. Study Area and Sampling Site
Okpella is located between latitude N07014’ and 
N07022’ and longitude E006015’ and E006023’ in the 
northeastern part of Edo State, Nigeria (see Figure 1). 
The area is the eastern extension of the Upper Protero-
zoic Igarra Schist Belt, Southwestern Nigerian Base-
ment Complex. The lithologies in the area include gran-
ite gneiss, metasedimentary rocks and Pan-African in-
trusives. The metasedimentary rocks occurring in the 
area are comprised of garnet-biotite schist, marble and 
calc-silicate gneiss, quartzite and banded iron formation 
(BIF). The Pan-African intrusives include granite, char-
nockite, hybrid rocks, pegmatite, aplite and basic dykes 
(Odeyemi, 1988; Ogunyele et al., 2018) (see Figure 2).
In the northern part of the area (see Figures 2 and 3), 
indiscriminate artisanal mining of gold from sediments 
of the Uza River and its tributaries is ongoing. Exploita-
tion is usually done during the dry season (October to 
March, sometimes up to June) when large amounts of 
sediments would have been deposited by water during 
the rainy season. These sediments are sourced from the 
surrounding gold-mineralised rocks through weathering 
and erosion. Large amounts of the stream sediments are 
collected by miners using shovels and head pans. The 
collected sediments are panned and washed with the 
stream water to separate the heavy minerals such as 
gold, pyrite, chalcopyrite and other sulphides from the 
light ones, e.g. quartz and feldspar. The gold grains and 
other heavy minerals being denser, separate from other 
minerals during panning. The heavy minerals are then 
mixed with mercury chemicals so as to separate gold 
from the other heavy minerals and gangue.
Large marble and calc-silicate gneiss deposits also 
occur in the area and are being exploited for the produc-
tion of cement by the BUA Cement Company, Nigeria. 
A large marble quarry is located close to the Uza River 
(see Figure 3) and wastewater from the quarry is also 
discharged into the river. These industrial activities, use 
of Hg in gold extraction, tailings and gangue produced 
during artisanal gold mining, wastewater from marble 
quarrying as well as heavy vehicular emissions, possibly 
area causing various forms of pollution which require 
assessment and monitoring to mitigate environmental 
and health hazards.
The study was conducted along the Uza River and its 
tributaries in the central part of Okpella (see Figure 3) 
where the above highlighted activities take place. The 
numerous tributaries which take their sources and derive 
sediments from the surrounding highlands.
Figure 1: Location map of Edo State showing Okpella (after Idu and Onyibe, 2007)
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Figure 3: Drainage map of Okpella gold mining area showing the sampling locations of stream sediments
Figure 2: Geological map of Okpella showing the gold mining area (after Ogunyele et al., 2018)  
Woakes et al., 1987)]
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2.2. Sampling and Sample Analysis
Fifteen sediment samples weighing 100 g each were 
collected at depths between 0 – 20 cm from different 
gold mining sites along the Uza River in Okpella (see 
Figure 3) using a hand trowel and plastic sieve to drain 
off the water. The samples were kept in clean polythene 
bags and transported to the laboratory. The sampling 
was done at the end of the 2016-2017 mining period in 
the area (June, 2017).
The samples were air-dried at room temperature, 
lumpy samples were disaggregated using an agate mor-
tar and pestle, and sieved using an electrical stainless 
sieve to < 90 microns (170 mesh) so as to get the silty to 
clayey fractions for analysis. The sieved samples were 
further reduced in grain size by pulverising to < 63 mi-
crons (230 mesh) using a pulveriser. All glassware and 
equipment used for this preparation were washed with 
nitric acid to avoid possible contamination. The pulver-
ised samples were homogenised using a homogeniser, 
pelletised and analysed for PTEs (As, Co, Cr, Cu, Hg, 
-
cence (ED-XRF) machine (pANalytical model) at the 
National Geosciences Research Laboratory, Kaduna, 
Nigeria. Fe was also analysed in the samples as an im-
mobile element to calculate the enrichment factor (EF). 
The major limitation of the XRF method relating to this 
study is that it determines the total concentrations of the 
elements in the samples, and not only concentrations 
caused by pollution. However, this limitation is reduced 
by the use of pollution indices to assess the pollution 
level in the area.
2.3. Data Analyses
The level of pollution of the stream sediments by 
PTEs was determined using two pollution indices, 
namely: the enrichment factor (EF) and the geoaccumu-
lation index (Igeo). Correlation analysis of the PTEs was 
also done to determine the inter-relationships among 
them.
The EF is a relatively simple and easy tool for assess-
ing the enrichment degree of a metal and comparing the 
pollution of different environmental media (Benhaddya 
and Hadjel, 2013). The EF is based on standardisation 
of the analysed metals against a conservative reference 
element such as Fe, Al, Mn, Sc and Ti (Sutherland, 
2000). In this study, Fe was used as a conservative refer-
ence element because it has a relatively higher precision 
of measurement as a major element and it has also been 
widely used as a normalising metal in geochemical stud-
ies (Sutherland, 2000). According to Ergin et al. (1991), 
  (1)
where:
(Cn/CFe)S is the ratio of the concentration of a metal n 
and Fe in the sample; and
(Cn/CFe)B is the ratio of the concentration of a metal n 
and Fe of the background.
In this study, the world average shale data (Turekian 
and Wedepohl, 1961) was used to provide the back-
ground metal levels: As (13 mg/kg), Co (19 mg/kg), Cr 
(90 mg/kg), Cu (45 mg/kg), Ni (68 mg/kg), Pb (20 mg/
kg), Zn (95 mg/kg) and Fe (47,000 mg/kg). For Hg (0.18 
mg/kg), Marowsky and Wedepohl (1971) data on shale 
was used. The world average shale data is used because 
it is the most abundant sediment in the Earth constituting 
about 82% of all sediments in the world (Mead, 1907). 
According to Zhang and Liu (2002), EF values between 
0.5 and 1.5 indicate that the metal is entirely from crustal 
materials or natural processes, whereas EF values great-
er than 1.5 suggest that the sources are more likely to be 
anthropogenic.
Igeo is used to determine metal contamination in sedi-
ments by comparing current concentrations with pre- 




Cn is the measured concentration of metal n in the 
sediment; and
Bn is the background value for the metal n (global av-
erage shale data) according to Turekian and Wedepohl 
Table 1: Igeo)  
(Muller, 1969; Nowrouzi and Pourkhabbaz, 2014)
Enrichment Factor Geoaccumulation Index
Level Value Categorisation Class Value Categorisation
I <1 No enrichment 0 <0 Unpolluted
II 1-3 Minor enrichment 1 0-1 Unpolluted to moderately polluted
III 3-5 Moderate enrichment 2 1-2 Moderately polluted
IV 5-10 Moderately severe enrichment 3 2-3 Moderately to strongly polluted
V 10-25 Severe enrichment 4 3-4 Strongly polluted
VI 25-50 Very severe enrichment 5 4-5 Strongly to extremely strongly polluted
VII >50 Extremely severe enrichment 6 >5 Extremely polluted
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(1961); and factor 1.5 is used because of possible varia-
tions of the background data due to lithological varia-
tions.
Interpretations of the results of the EF and Igeo accord-
ing to Muller (1969) and Nowrouzi and Pourkhabbaz 
(2014) are given in Table 1.
3. Results and Discussion
The summary of PTEs’ concentrations in the stream 
sediment samples of Okpella gold mining area is pre-
sented in Table 2. The average concentrations of PTEs 
in the sediments show a trend of Cu > Zn > Pb > As > Cr 
> Hg > Ni > Co. The ranges are as follows: Cu (57-112 
mg/kg); Zn (10-50 mg/kg); Pb (4-36 mg/kg); As (2.8-25 
mg/kg); Cr (9-18 mg/kg); Hg (6-25 mg/kg); Ni (3-11 
mg/kg); Co (2-9 mg/kg); and Fe (13566-25524 mg/kg).
The weighted mean and median of Cu, As and Hg in 
the average shale and continental crust. Pb concentration 
in the stream sediments is close to that of the average 
continental crust but lower than that of the average shale. 
These higher concentrations imply contributions from 
anthropogenic sources and possible pollution of the en-
vironment. The other PTEs, that is, Co, Cr, Ni and Zn are 
lower in concentrations than the average shale and con-
tinental crust suggesting natural sources (Turekian and 
Wedepohl, 1961).
The EF values show extremely severe enrichment of 
Hg (151.60), moderate enrichment of Cu (4.48) and mi-
nor enrichments of As (2.46) and Pb (2.02) in the stream 
sediments (see Table 3). The EF values of the PTEs 
which are greater than 1.5 indicate anthropogenic contri-
bution to the enrichment of the stream sediments. The 
other PTEs (Co, Cr, Ni and Zn), however, show no en-
richment. Au is often associated with the analysed PTEs 
into the stream sediments as a result of mining as well as 
weathering of the gold-mineralised rocks in the area 
causing enrichment. Waste water from the marble quarry 
may have also contributed to the enrichment, although in 
a minute amount compared to gold mining. High Hg 
concentration and enrichment in the sediments is mainly 
caused by the use of Hg in gold extraction in the area.
Table 2: Summary of potentially toxic elements (PTEs) concentrations in the stream sediment samples of Okpella mining 
area (n=15)
Element (mg/kg) Minimum Maximum Weighted Mean Median Average Shale*
Average 
Continental Crust +
As 2.8 25 14.09 + 6.31 13 13 0.055
Co 2 9 6.00 + 2.45 7 19 11.6
Cr 9 18 12.19 + 2.47 11 90 69
Cu 57 112 88.56 + 17.23 92 45 14.3
Hg 6 25 12.00 + 5.40 10 0.18** 0.056
Ni 3 11 6.50 + 2.65 7 68 18.6
Pb 4 36 17.78 + 9.64 16 20 17
Zn 10 50 30.61 + 14.35 32 95 52
Fe 13566 25524 20668 + 3692 21097 47000 30890
* after Turekian and Wedepohl (1961). Concentration of the average sediment is taken as the global average shale data as shales 
constitute about 82% of all sediments in the Earth.
** after Marowsky and Wedepohl (1971)
+ after Wedepohl (1995)
Table 3: Enrichment factor, geoaccumulation index and pollution level in the stream sediments  
of Okpella mining area




As 2.46 Minor enrichment < 0 Unpolluted
Co 0.72 No enrichment < 0 Unpolluted
Cr 0.31 No enrichment < 0 Unpolluted
Cu 4.48 Moderate enrichment 0.39 Unpolluted to moderately polluted
Hg 151.60 Extremely severe enrichment 5.47 Extremely polluted
Ni 0.22 No enrichment < 0 Unpolluted
Pb 2.02 Minor enrichment < 0 Unpolluted
Zn 0.73 No enrichment < 0 Unpolluted
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Table 4: Correlation of PTEs in stream sediment samples of the Okpella mining area
Elements As Co Cr Cu Hg Ni Pb Zn
As 1
Co -0.152 1
Cr 0.986 0.234 1
Cu 0.242 0.960 0.245 1
Hg 0.126 0.955 -0.272 -0.098 1
Ni 0.976 0.002 -0.358 0.199 -0.377 1
Pb 0.235 -0.113 -0.215 -0.221 -0.443 0.546 1
Zn 0.115 -0.342 -0.246 -0.356 0.453 0.334 0.007 1
The Igeo also reveals that the sediment samples are ex-
tremely polluted with Hg, unpolluted to moderately pol-
luted with Cu but unpolluted with all the other PTEs (see 
Table 3). The level of pollution of sediments in the Ok-
pella mining area by Hg is too high and warrants that 
remediation measures are taken quickly as this may pose 
serious environmental hazards. Water from the Uza Riv-
er and its tributaries are used for drinking and other do-
mestic purposes by people in the area. The river also 
-
ous health challenges to the miners and community at 
large as pollutants in the sediments are released into wa-
ter and taken up by plants, both of which are consumed 
by humans and livestock.
There is a need to sensitise the miners in the area on 
the best practices to be adopted in mining operations. On 
the other hand, continuous assessment and monitoring 
of the levels of PTEs in soils, sediments, water and 
plants in the area should be done so as to engage the 
necessary remediation and/or control measures to con-
strain the input of PTEs as well as the potential environ-
mental health impacts.
3.1.  Correlation analysis of the potentially toxic 
elements
Correlation analysis was done to determine the inter-
relationships among the analysed PTEs. The correlation 
R2) of PTEs in the sediments are shown in 
Table 4. The results indicate that As-Cr, Co-Cu, Hg-Co, 
0.955, 0.976 in the level of P = 0.01, respectively. This 
suggests that the elements in association simultaneously 
increase or decrease in concentrations in the sediments, 
and the release of a particular element in the association 
may also cause the release of the other. For example, as 
As is released into the environment, Cr is also likely to be 
released (Lapworth et al., 2012). The remaining ele-
ments, either show no correlation or negative correlation.
4. Conclusions
Stream sediments collected from an active mining 
area in Okpella, Edo State, Nigeria showed a PTE con-
centration trend of Cu > Zn > Pb > As > Cr > Hg > Ni > 
Co. The pollution indices (EF and Igeo) used in assessing 
the level of pollution in the area revealed that Hg is a 
major pollutant of the sediments in the area. Minor en-
richment of Cu, As and Pb are also present. As-Cr, Co-
Cu, Hg-Co, and As-Ni tend to form elemental associa-
tions in the area. The observed PTEs’ enrichments and 
pollution of the sediments, particularly by Hg, are main-
ly due to indiscriminate artisanal gold mining in the 
area. This may pose serious health hazards to humans 
and livestock in the area due to ingestion from its release 
the urgent need to remedy and/or control the level of 
pollution in the study area.
5. References
Ahmadipour, F., Bahramifar, N. and Ghasempouri, S.M. 
(2014): Fractionation and mobility of cadmium and lead in 
-
tial extraction method. Chemical Speciation and Bioavail-
ability, 26, 1, 31-36.
Amadi, A.N., Ebieme, E.E., Musa, A., Olashinde, P.I., Ameh, 
I.M. and Shuaibu, A.M. (2017): Utility of pollution indices 
in assessment of soil quality around Madaga gold mining 
site, Niger State, North-Central Nigeria. Ife Journal of Sci-
ence, 19, 2, 417-430.
Benhaddya, M.L. and Hadjel, M. (2013): Spatial distribution 
and contamination assessment of heavy metals in surface 
soils of Hassi Messaoud, Algeria. Environmental and 
Earth Sciences, 71, 3, 1473-1486.
Carla, C., Eduardo, F., Paula, F.Á and João, P.T. (2014): Iden-
tifying sources and assessing potential risk of exposure to 
heavy metals and hazardous materials in mining areas: The 
case study of Panasqueira Mine (Central Portugal) as an 
example. Geosciences, 4, 240-268. doi: 10.3390/geo-
sciences4040240.
Ergin, M. Saydam, C. Basturk, O. Erdem, E. and Yoruk, R. 
(1991): Metal concentrations in surface sediments from 
the two coastal inlets (Golden Horn Estuary and Izmit 
Bay) of the Northeastern Sea of Marmara. Chemical Geol-
ogy, 91, 269-285.
Hakanson, L. (1980): Ecological Risk Index for aquatic pollu-
tion control, a sedimentological approach. Water Research, 
14, 8, 975-1001.
Idu, M. and Onyibe, H.I. (2007): Medicinal Plants of Edo 
State, Nigeria. Research Journal of Medicinal Plants, 1, 
32-41.
49 Assessment of stream sediments pollution by potentially toxic elements in the active mining area of Okpella…
The Mining-Geology-Petroleum Engineering Bulletin and the authors ©, 2019, pp. 43-50, DOI: 10.17794/rgn.2019.2.5
Lapworth, D.J., Knights, K.V., Key, R.M., Johnson, C.C., 
Ayoade, E., Adekanmi, M.A., Arisekola, T.M., Okunlola, 
O.A., Backman, B., Eklundm M., Everett, P.A., Lister, 
(2012): Geochemical mapping using stream sediments in 
west-central Nigeria: Implications for environmental stud-
ies and mineral exploration in West Africa. Applied Geo-
chemistry, 27, 1035-1052.
Li, Y., Ji, Y., Yang, L. (2007): Effects of mining activity on 
heavy metals in surface water in Lead-Zinc deposit area. 
Journal of Agro-Environmental Science, 26, 1, 103-107.
Marowsky, G. and Wedepohl, K.H. (1971): General trends in 
the behaviour of Cd, Hg, Tl and Bi in some major rock 
forming processes. Geochimica et Cosmochimica Acta, 
35, 1255-1267.
Mead, W.J. (1907): Redistribution of elements in the formation 
of sedimentary rocks. Journal of Geology, 15, 238-256.
Meybeck, M., Horowitz, A.J. and Grosbois, C. (2004): The 
geochemistry of Seine River Basin particulate matter: dis-
tribution of an integrated metal pollution index. Science of 
the Total Environment, 328, 219-236.
Muller, G. (1969): Index of Geoaccumulation in sediments of 
the Rhine River. Geology Journal, 2, 108-118.
Nowrouzi, M. and Pourkhabbaz, A. (2014): Application of 
Geoaccumulation Index and Enrichment Factor for assess-
ing metal contamination in the sediments of Hara Bio-
sphere Reserve, Iran. Chemical Speciation and Bioavaila-
bility, 26, 2, 99-105.
Odeyemi I.B. (1988): Lithostratigraphy and structural rela-
tionships of the Upper Precambrian Metasediments in Ig-
arra area, Southwestern Nigeria. In: Oluyide, P.O., Mbonu, 
W.C., Ogezi, A.E.O., Egbuniwe, I.G., Ajibade, A.C. and 
Umeji, A.C. (eds.) Precambrian Geology of Nigeria. Geo-
logical Survey of Nigeria, Kaduna. 111-125.
Odukoya, A.M., Olobaniyi, S.B. and Oluseyi, T.O. (2018): As-
sessment of Potentially Toxic Elements Pollution and Hu-
man Health Risk in Soil of Ilesha Gold Mining Site, South-
west Nigeria. Journal of Geological Society of India, 91, 
743-748.
Ogunyele, A.C., Obaje, S.O. and Akingboye, A.S. (2018): 
the Basement Complex rocks around Okpella, Southwest-
ern Nigeria. Earth Sciences Malaysia, 2, 1, 29-36.
Qingjie, G., Jun, D., Yunchuan, X., Qingfei, W. and Liqiang, 
Y. (2008): Calculating pollution indices by heavy metals in 
ecological geochemistry assessment and a case study in 
parks of Beijing. Journal of China University of Geo-
sciences, 19, 3, 230-241.
Sekabira, K., Origa, O., Basamba, A., Mutumba, G. and Kaku-
didi, E. (2010): Assessment of heavy metal pollution in the 
urban stream sediments and its tributaries. International 
Journal of Environmental Science and Technology, 7, 3, 
435-446.
Sutherland, R. A. (2000): Bed sediment-associated trace met-
als in an urban stream, Oahu, Hawaii. Environmental Ge-
ology, 39, 611-627.
Tijani, M.N. and Onodera, S. (2009): Hydrogeochemical As-
sessment of Metals Contamination in an Urban Drainage 
System: A Case Study of Osogbo Township, SW Nigeria. 
Journal of Water Resources Protection, 3, 164-173.
Tijani, M.N., Onodera, S. and Adeleye, M. A. (2005): Envi-
ronmental implications of adsorbed and total trace metals 
concentrations in bottom-sediments of an urban drainage 
network in a developing country. RMZ – Materials and 
Geoenvironment, 52, 1, 127-130.
Health impact assessment by ingestion of polluted soil/
sediment. The Mining-Geology-Petroleum Engineering 
Bulletin, 31, 2, 29-39.
Turekian, K.K. and Wedepohl, K.H. (1961): Distribution of 
the elements in some major units of the earth’s crust. Geo-
logical Society of America Bulletin, 72, 175-192.
Waziri, N.M. (2014): Environmental geochemistry of soils 
and stream sediments from the Birnin-Gwari artisanal gold 
mining area, North-western Nigeria. Universal Journal of 
Geosciences, 2, 1, 18-27.
Wedepohl, K.H. (1995): The composition of the continental 
crust. Geochimica et Cosmochimica Acta. 59, 7, 1217-1232.
Woakes, M., Rahaman, M. A., and Ajibade, A. C. (1987): 
Some metallogenetic features of the Nigerian Basement. 
Journal of African Earth Sciences, 6, 5, 655-664.
Zhang, J. and Liu, C. L. (2002): Riverine composition and 
 estuarine geochemistry of particulate metals in China–
weathering features, anthropogenic impact and chemical 
Estuarine Coastal Shelf Science, 54, 1051-1070.
